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Background: Speech development requires intact and adequately functioning
oral anatomy and cognitive ‘speech processing’ skills. There is evidence that
speech input processing skills are associated with speech output problems in
children not born with a cleft. Children born with cleft palate ± lip (CP±L) are
at high risk of developing disordered speech output. Less is known about their
speech input processing skills and whether they are associated with cleft-related
speech sound disorder (SSD).
Aims: (1) To collate and evaluate studies reporting evidence regarding the speech
input processing skills of children born with cleft palate in comparison with data
from typically developing children or other comparison groups; and (2) to iden-
tify any available evidence regarding relationships between speech input process-
ing skills and speech output in children born with CP±L.
Methods &Procedures: Potentially relevant studies published up to November
2019 were identified from the following databases: Medline via Ovid, Embase via
Ovid, Cinahl via Ebscohost, PsycInfo via Ebscohost, BNI via ProQuest, AMED
via Ovid, Cochrane Library and Scopus. Inclusion criteria were: peer-reviewed
articles published in scientific journals, any design, published in English, partic-
ipants born with a CP±L aged up to age 18 years who completed speech input
processing assessments compared with normative data and/or a control or other
comparison group. Critical Appraisal Skills Programme (CASP) checklists were
used to quality appraise included studies.
Outcomes&Results: Six studieswere retained in the final review. There is some
evidence that children born with CP±L perform less well than non-cleft controls
on some speech input processing tasks and that specific input processing skills
may be related to errors in the children’s speech. Heterogeneity in relation to
study groups and assessments used, as well as small sample sizes, limits gener-
alization of findings.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. International Journal of Language & Communication Disorders published by John Wiley & Sons Ltd on behalf of Royal College of Speech and Language
Therapists
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2 Speech input processing in cleft palate: a review
Conclusion & Implications: There is limited evidence regarding the speech
input processing skills of children born with CP±L. There are indications
that children born with CP+/L may have difficulty in some aspects of speech
input processing in comparison with children not born with a cleft, and that
difficulties with some speech input processing tasks may be specific to errors in
children’s speech output. Further research is required to develop our understand-
ing of these skills in this population and any associations with speech output.
KEYWORDS
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What this paper adds
What is already known on the subject
∙ Few studies have been published that examine aspects of speech input pro-
cessing in children born with CP±L. Theoretical models of speech processing,
and published studies, propose that speech input processing skills are associ-
ated with SSD in children who were not born with a cleft. However, it is less
clear whether there is any association between speech input processing and
cleft-related SSD.
What this paper adds to existing knowledge
∙ This review systematically collates and evaluates the published, peer-reviewed
evidence regarding speech input processing skills in children bornwith CP±L.
The collated evidence indicates that some speech input processing skills dif-
fer between children with and without CP±L. There is some evidence, from a
single study, that speech input processing of specific cleft speech characteris-
tics (CSCs) may be associated with the presence of these CSCs in the speech
output of some children born with CP±L.
What are the potential or actual clinical implications of this work?
∙ While the evidence is currently limited, increasing our knowledge of speech
input processing skills in children born with CP±L contributes to our clinical
understanding of the nature of cleft-related SSD. The current evidence sug-
gests that speech and language therapists should consider speech input pro-
cessing skills when assessing children with cleft-related SSD to support inter-
vention planning. Considering these skills in relation to literacy development
in these children may also be important.
INTRODUCTION
Speech development requires intact and adequately func-
tioning anatomical structures (McLeod and Baker 2017). It
also requires intact cognitive skills, which enable identi-
fication and understanding of the organization and struc-
ture of the sound system being learnt and the planning of
subsequent output (Chapman and Willadsen 2011, Wren
et al. 2016). These cognitive skills that underlie the anatom-
ical structures and functions involved in speech output can
be referred to as speech processing skills (Brosseau-Lapré
and Rvachew 2017, Stackhouse and Wells 1997).
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Speech input processing
To achieve intelligible speech, children develop speech
input processing skills involving the recognition and pro-
cessing of sounds and words or non-words from auditory
input, enabling the creation of stored representations of
sounds and words (Hearnshaw et al. 2019). Specific speech
input processing skills include identifying sounds and seg-
ments of sounds in words or non-words, identifying dif-
ferences between sounds and words, and identifying when
a word has been produced incorrectly with reference to
a stored representation of the word (Baker et al. 2001,
McLeod and Baker 2017, Stackhouse 2001, Stackhouse and
Wells 1997). These skills can be assessed using identifica-
tion or discrimination tasks requiring forced/binary (e.g.,
same/different) choices betweenwords or non-words,mis-
pronunciation detection, and lexical or phonetic judge-
ment tasks and sound indication tasks (Rvachew 2006,
Stackhouse et al. 2007, Hearnshaw et al. 2019). A child’s
ability to perceive or recognize their own speech pro-
duction errors has also been highlighted as an important
speech input processing skill (Lof and Synan 1997). These
types of task are commonly referred to as speech percep-
tion tasks, withmost falling under one ormore of the eight
criteria for clinically useful speech perception assessment
proposed by Locke (1980a) and summarized concisely by
Hearnshaw et al. (2019).
Speech input processing also involves the awareness of
the internal structure of stored representations of words
(Stackhouse andWells 1997). Tasks that may be referred to
as testing phonological awareness skills (e.g., alliteration
and rhyme awareness tasks) (Burt 1999, Carroll et al. 2003)
can be used to assess this aspect of speech input process-
ing. Phonological awareness skills are also important pre-
literacy skills related to reading development (Collett et al.
2010, Anderson et al. 2016).
Relationships between speech input
processing and speech output
Theories and models of speech processing such as those
proposed by Lieberman and Mattingly (1985), Stackhouse
and Wells (1993), Dodd and McCormack (1995), Hewlett
et al. (1998), Rvachew and Berhardt (2010), Shriberg et al.
(2012) and Walker and Hickock (2016) describe varying
approaches to integrated systems of speech input process-
ing and speech output with some including additional
contributing factors such as visual and cultural informa-
tion (Dodd andMcCormack 1995), environmental and per-
sonality influences (Rvachew and Bernhardt 2010), mem-
ory (Hewlett et al. 1998, Shriberg et al. 2012), sex and age
(Shriberg et al. 2012). Allmodels and theories agree there is
a relationship between speech input processing and speech
output but the exact nature of the relationship is not yet
fully understood, particularly in terms of clinical applica-
tion (Brosseau-Lapré and Rvachew 2017, Hearnshaw et al.
2019).
In a recent systematic review and meta-analysis of the
existing evidence for relationships between speech per-
ception and speech sound disorder (SSD) with no known
structural or cognitive cause, Hearnshaw et al. (2019) con-
cluded that childrenwith SSDhave difficultieswith speech
perception, particularly in lexical and/or phonetic judge-
ment tasks in comparison with typically developing peers.
However, they also highlighted that it was important to
further understand the methodological variation between
studies, particularly in relation to the characteristics of par-
ticipants including the nature of their SSDs, the speech
input processing tasks used/specific skills tested and the
level of detail regarding these factors provided by authors.
Future studies were recommended, with more homoge-
nous groups of participants with SSD try to understand
relationships between speech input processing and speech
output across different subcategories of SSD (e.g., phono-
logical, articulation, or children’s specific speech error
types).
The existing evidence for relationships between phono-
logical awareness tasks that examine speech input process-
ing skills (with no speech output required in response) and
different types of speech error patterns in the non-cleft
population is mixed (Brosseau-Lapré and Roepke 2019,
Preston and Edwards 2010, Rvachew 2006, Rvachew et al.
2007). Preston and Edwards (2010) found evidence of an
association between speech input processing tasks includ-
ing rhyme and onset matching (also known as rhyme
and alliteration awareness), onset segmentation and sound
blending, and atypical sound errors in children with no
known conditions which could impact on speech. The
same association was not observed between these speech
input processing skills and typical sound errors or sound
distortions in this study (Preston and Edwards 2010).
Rvachew et al. (2007) found no statistical evidence that the
severity of a child’s SSD predicted speech input process-
ing skills (combined score from rhyme and onset match-
ing and onset segmentation tasks) although they did report
seeing a trend towards this. Brosseau-Lapré and Roepke
(2019) also did not observe a correlation between speech
input processing tasks (matching sounds at the beginning
and end of words), similar to those used by Preston and
Edwards (2010), and speech output error type. Nijland
(2009) found that two small groups of children with differ-
ent SSD presentations performed less well than children
without SSD on a rhyme awareness task. However, on an
auditory discrimination of non-words task, the group with
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features of childhood apraxia of speech performed lesswell
than the children with no SSD, but the group with phono-
logical disorder type SSD performed similarly to the group
with no SSD (Nijland 2009).
Rvachew et al. (2007) also found that children who
achieved age-appropriate speech output skills at the end
of kindergarten (mean age = 69.78 months) also achieved
age-appropriate speech input processing skills (combined
score from rhyme and onset matching and onset segmen-
tation tasks). Rvachew et al. postulated that children with
good speech input processing skills at pre-school stagemay
respond better to speech and language therapy (SLT) inter-
vention or that effective SLT intervention in the early years
may account for relatively good phonological awareness
skills at the end of kindergarten.
Cleft palate, with or without cleft lip
(CP±L), and speech
Children born with CP±L have an overt impairment to
the anatomy required for speech output. The speech dif-
ficulties experienced by children born with CP±L can be
broadly divided into two categories:
∙ Speech features directly related to inadequate velopha-
ryngeal/palatal structure and/or function involve the
uncontrolled leaking of air into the nose during speech.
These are features that the speaker has no control over
and are collectively described as evidence of velopha-
ryngeal dysfunction or insufficiency (VPD/VPI) which
usually require surgery to resolve. In severe cases, this
can have a direct impact upon specific consonant sounds
that can be described as ‘passive’ cleft speech character-
istics (CSCs) (Harding and Grunwell 1998).
∙ Speech features that are learnt patterns of articulation
whichmay be related to VPD/VPI or other physiological
factors such as hearing, but are thought to be a cogni-
tive adaptation/response to anatomical or physiological
factors requiring behavioural changes via SLT to resolve.
These features may be described as ‘active’ CSCs (Hard-
ing and Grunwell 1998).
Prevalence of speech disorder in children
with CP±L
Children born with CP±L are at high risk of developing
cleft-related SSD. Studies reporting speech outcomes for
sample sizes ranging from 217 to 1110 five-year-old children
with repairedCP±L in theUKhave consistently found that
many present with disordered speech (Britton et al. 2014,
Sell et al. 2001, Sell et al. 2015). The largest of these studies,
Britton et al. (2014) found 40% of 5-year-olds with repaired
CP±L presented with serious cleft-related errors of articu-
lation. A summary of published speech outcomes from a
number of different countries revealed that ‘good speech’
could be expected in 60–70% of 4–5-year-olds and 70–80%
of 6–8-year-olds with CP ± L (Lohmander 2011). This sug-
gests a minimum of 20% of children born with CP±L con-
tinue to have problems with their speech beyond age 8.
This contrasts with data from a UK population cohort
study which indicated that 3.6% of children from the gen-
eral population could be expected to present with a persist-
ing speech disorder at 8 years of age (Wren et al. 2016).
Factors associated with speech outcome in
children born with CP±L
Studies have begun to explore factors that may be associ-
ated with poorer speech outcomes in children born with
CP±L. There is evidence that cleft type is associated with
speech outcomes in children born with CP±L with chil-
dren born with bilateral cleft lip and palate (BCLP) hav-
ing poorer outcomes (Choa et al. 2014). A history of con-
ductive hearing loss has also been found to be associated
with poorer speech outcomes and reduced speech intelli-
gibility in 5-year-old children born with unilateral cleft lip
and palate (UCLP) (Hall et al. 2017, Sell et al. 2017). Resid-
ual anatomical structure and function problems post pri-
mary palate repair (e.g., VPD/VPI or palatal fistulae) may
also impact on speech output and outcomes (Baylis et al.
2008, Harding and Grunwell 1996, Lohmander and Pers-
son 2008, Hardwicke et al. 2014, Sell et al. 2017). Despite
the evidence that socio-economic status is associated with
SSD in the general population (Eadie et al. 2015,Wren et al.
2016), measures of deprivation have not been found to be
associated with cleft-related speech outcomes in children
bornwithCP±L in theUK (Choa et al. 2014, Sell et al. 2017).
Sex has also not been found to be a factor associated with
cleft specific speech outcomes (Choa et al. 2014, Sell et al.
2017). Aspects of language development have been associ-
ated with speech output and speech processing in groups
of children born with a cleft (Morris and Ozanne 2003,
Anderson et al. 2016). There has also been a suggestion that
children born with UCLPmay experiencemore challenges
in relation to hyperactivity than their peers who were not
born with UCLP (Waylen et al. 2017). However, these diffi-
culties have not been associated with speech intelligibility
(Waylen et al. 2017) while children with SSD, not related
to being born with CP±L, have been found to do less well
on sustained auditory attention tasks than children with-
out SSD (Murphy et al. 2014). A history of speech and lan-
guage therapy (SLT) intervention has been associated with
improved speech outcomes for children born with UCLP
Lucy Southby et al. 5
(Sell et al. 2017). However, there is no robust evidence for
the most effective approach to SLT intervention for chil-
dren born with CP±L (Bessell et al. 2013).
While children born with CP±L have an anatomical dif-
ference affecting the structure and function of their oral
anatomy, as with all children, their speech systems also
require intact speech processing. They may also present
with non-cleft-related SSD, which may or may not present
in addition to CSCs and speech input processing weak-
nesses.
Relationship between speech input
processing and speech output in children
with CP±L
Significant attention has been paid in the literature to
the speech output of groups of children with CP±L,
with phonological and articulation output features being
described and discussed in detail (Chapman 1993, Hard-
ing and Grunwell 1996, Persson et al. 2006, Lohmander
2011, Sell et al. 2015, Klintö et al. 2016, Willadsen et al.
2017, 2019).While some of the factors described above have
been associated with speech outcomes in children born
with CP±L, we still have relatively limited understanding
of the factors influencing the development and persistence
of cleft-related SSD. It is therefore possible thatweaknesses
in an aspect of speech input processing could be related to
cleft-related SSD for some children.
Sound andword production errorsmade by a child in the
presence of an anatomical difference, could be perceived
and stored by them as the internal representation for those
sounds/words. Alternatively, weak speech input process-
ing skills may lead to the child maintaining speech sound
errors, even once the peripheral anatomical difference is
resolved, due to being unable to detect their own errors
or having difficulty updating incorrect stored phonolog-
ical representations (Stackhouse et al. 2007). Therefore,
when considering why cleft-related SSD in some children
might persist, one hypothesis is that children with persist-
ing CSCs have speech input processing difficulties in addi-
tion to their known output difficulties.
In comparison with the literature examining relation-
ships between speech input processing and SSD in children
who were not born with a cleft, there has been very lit-
tle work to date examining relationships between speech
input processing and cleft-related SSD and no systematic
review of the existing evidence has been undertaken.
A need was therefore identified to collate and review
the current evidence regarding the speech input process-
ing skills of children born with CP±L in order to fur-
ther develop our understanding of the speech development
and disorders experienced by this population. This would
inform clinicians regarding the current evidence relating
to speech input processing and its relationshipwith speech
output in children born with CP±L. In addition, there is
evidence that children born with a cleft have difficulties
with reading acquisition (Collett et al. 2010, Conrad et al.
2014). Given the evidence for relationships between SSD
and speech input processing skills in children not born
with a cleft, including phonological awareness skills that
are linked to early literacy development, it is important to
consider the evidence for similar relationships in children
born with CP±L.
Aims of the study
The aim of this systematic review was to identify, col-
late and evaluate peer-reviewed studies reporting evidence
regarding the speech input processing skills of children
born with CP±L, in comparison with data from typi-
cally developing controls (including comparison with test
norms) or other comparison groups, and to identify any
evidence regarding relationships between speech input
processing skills and speech output in children born with
CP±L.
METHODS
The systematic review was guided by the principles out-
lined in theCochraneCollaborationmethodology (Higgins
andGreen 2011), as far as they could be applied to the study
methodologies in this review. The systematic review was
registered with PROSPERO,1 an international register of
prospective systematic reviews.
Search strategy
In order to define the research question and identify search
terms, a PECO (Booth and Fry-Smith 2003) was developed
as follows:
∙ Population: Children bornwith cleft palate aged up to 18
years.
∙ Exposure: Speech input processing skills.
∙ Comparison: Speech input processing skills of typically
developing controls or a comparison group fromanother
clinical population.
∙ Outcome: Speech input processing skills of children
born with CP±L.
A comprehensive list of search terms was constructed
to maximize the chances of finding all literature report-
ing findings regarding speech input processing in children
born with CP±L. As well as terms specifically related to
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input processing. These included terms relating to speech
output processing and reading/literacy development given
the association between these skills as reported in the lit-
erature (Rvachew 2006). This allowed inclusion of studies
where input processing skills were involved in the data col-
lection and analysis but where the primary research ques-
tionmay have focused on other issues. Grey literature (e.g.,
PhD theses) was excluded from this review because it has
not been through a peer-review process although Open-
Grey, ClinicalTrials.gov, and the World Health Organiza-
tion International Clinical Trials Registry Platform were
searched to ensure nothing relevant was missed.
The cleft search string was taken from Bessell et al.
(2013) aiming for consistency in literature searching in cleft
speech related systematic reviews. The speech input pro-
cessing string was designed in consultation with a medical
librarian, with a review of literature, and author knowl-
edge. See table A1 in appendix A for the search terms as
used in the Medline search.
Published, peer-reviewed studies were identified
through a literature search using Medline via Ovid (1946–
November 2019), Embase via Ovid (1974–November 2019),
Cinahl via Ebscohost (1981–November 2019), PsycInfo
via Ebscohost (1887–November 2019), BNI via ProQuest
(1985–November 2019), AMED via Ovid (1985–November
2019), Cochrane Library (1996–November 2019), and
Scopus (1850–November 2019). The electronic databases
were searched by title, abstract, and subject heading
fields.
Inclusion criteria
Studies included were peer-reviewed articles published in
scientific journals, of any design, published in English and
which involved children born with non-syndromic CP±L
aged up to age 18 years who completed speech input pro-
cessing assessment tasks/tests using standardized assess-
ments with normative data and/or in comparison with a
non-cleft, typically developing control or other compari-
son group. For the purposes of this review, a speech input
processing task was defined as:
A task which requires the child to internally process,
manipulate, segment, identify, differentiate ormake judge-
ments between individual sounds, segments of sounds
or whole words either within or between words or non-
words. The task stimuli may be either pictures or spo-
ken words (but not written/orthographic). The task must
not be reliant on specific speech output other than binary
responses such as yes/no, same/different, right/wrong.
The aimwas to isolate evidence for speech input process-
ing skills only and not to include tasks where both input
and output processing was required to complete the task.
This avoids results, where a spoken response was required,
being potentially confounded by output difficulties (Pre-
ston and Edwards 2010, Sutherland and Gillon 2007).
Exclusion criteria
Studies were excluded if they were not published in
English, did not include any participants with non-
syndromic CP±L, only included adult participants or if no
speech input processing assessment meeting the inclusion
criteria were completed. Studies were also excluded if it
was not possible to determine whether assessment tasks
used met the inclusion criteria and if a speech input pro-
cessing assessment was used but it was not possible to
extrapolate data from the assessment for participants with
CP±L in the results section of the paper.
Screening procedures
Once duplicates were removed, 11,342 titles were screened
by LS. Two authors (LS and SH) subsequently screened
431 abstracts retained following title screening. Abstract
screening was conducted individually and then those to be
retained for full-text screening were agreed by consensus.
LS and SH subsequently undertook full-text screening (n=
90), first individually and then agreed on the final full-texts
to be included via consensus. The reference lists of these
articles were hand-searched. The final number of full texts
that met the inclusion criteria was six.
Quality appraisal
Quality was assessed using the Critical Appraisal Skills
Programme (CASP) Cohort Study or Case-control
appraisal tools, as appropriate for the retained study
methodology.2 All identified manuscripts were checked
for quality against the appraisal tools independently by
LS and SH followed by consensus. Due to heterogeneity
in outcome measures, meta-analysis of quantitative data
was not appropriate. Therefore, a narrative synthesis of
included studies was performed focusing on population
characteristics, assessment tasks utilized and outcomes.
RESULTS
Figure 1 shows the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses)3 flowchart
and summary of papers retrieved at each stage of the
review.
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F IGURE 1 PRISMA 2009 flow diagram [Colour figure can be viewed at wileyonlinelibrary.com]
The characteristics of each of the included papers
are presented in table 1. These include the aims, study
design, sample size including the number of partic-
ipants with a cleft diagnosis, input processing tasks
used, inclusion and exclusion criteria, potential con-
founders considered and the quality appraisal score.
Table 2 details the characteristics of the study participants:
sex, age, cleft diagnosis(es) and other demographic fea-
tures reported/considered including hearing, middle ear
function, family socio-economic status, speech and lan-
guage therapy, secondary speech surgery and languages
spoken.
A total of 245 children participated in the included stud-
ies, 81 female and 164male. Of these, 207 completed speech
input processing tasks meeting the inclusion criteria. Sex
distribution within the 207 is unknown as this was not
specified for the subgroup that completed the relevant
task in the study by Collett et al. (2010). However, sex









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































16 Speech input processing in cleft palate: a review
distribution across the five studies inwhich all participants
completed a speech input processing task of interest was
108 male and 52 female. The age range of participants was
3 years 10 months to 12 years 10 months, and 122 had a
cleft diagnosis. The remainderwere non-cleft controlswith
the exception of eight participants in Baylis et al. (2008)
who had a diagnosis of velocardiofacial syndrome (VCFS)
± cleft palate, submucous cleft palate (SMCP) or non-cleft
VPD.
All studies excluded children who had genetic syn-
dromes (in addition to any specifically under investigation
as part of the study aims) or any known additional develop-
mental, neurological, language or learning impairments.
Quality appraisal
Table 1 shows the total CASP quality appraisal scores. Indi-
vidual CASP question scores are presented in table B1 in
appendix B for the case-control and the cross-sectional
studies, respectively. All studies reached at least a moder-
ate level of quality.
Description of cleft groups
All the studies included a range of cleft types in their
cleft study groups (table 2). Three studies (Finnegan 1974,
Lemos and Feniman 2010, Whitehill et al. 2003) included
children with CP±L. Finnegan (1974) described the cleft
group in their study as having ‘cleft palates’. It is possi-
ble therefore that this was a group of children all of whom
had a diagnosis of cleft palate only. However, because of
this, or the presence/absence of a cleft lip is not specifi-
cally described, it is impossible to be certain. The remain-
ing three studies (Anderson et al. 2016, Baylis et al. 2008
Collett et al. 2010) had greater heterogeneity in their cleft
groups. They included childrenwith cleft lip or cleft lip and
alveolus only (Anderson et al. 2016, Collett et al. 2010), four
children with a diagnosis of repaired or unrepaired SMCP
(Anderson et al. 2016, Baylis et al. 2008) and two children
with non-cleft velopharyngeal dysfunction (VPD) (Baylis
et al. 2008) as well as children with CP±L.
Description of control/comparison groups
Of the six included studies, three (Finnegan 1974, Lemos
and Feniman 2010, Whitehill et al. 2003) had a specific
aim to compare the speech input processing (speech per-
ception/discrimination) skills of children born with clefts
to a non-cleft control group ± an additional comparison
group. Whitehill et al. (2003) included two groups of chil-
dren born with CP ±L. One group who presented with
posterior articulation errors and one who did not have
this speech error type, in addition to the non-cleft control
group.
Baylis et al. (2008) did not use a non-cleft control group.
They included a group with CP/SMCP/non-cleft VPD and
a group with VCFS. Although four of the participants in
the VCFS group also had a SMCP and one a cleft palate,
for the purposes of this review this was considered to be a
comparison group.
Two studies explored input processing in the form of
phonological awareness tasks (Anderson et al. 2016, Col-
lett et al. 2010) using either a non-cleft control group (Col-
lett et al. 2010) or test norms as part of their wider analy-
ses/aims (Anderson et al. 2016).
Cleft versus non-cleft performance on
speech input processing tasks
Two studies required participants to discriminate between
minimally contrasting pairs of words or non-words deliv-
ered in different ways (Finnegan 1974, Whitehill et al.
2003). Both studies found that children with a cleft per-
formed less well in these tasks than their non-cleft peers.
InWhitehill et al. (2003), this was only the case for the cleft
group with posterior articulation errors. The cleft group
with no posterior articulation errors performed similarly
to their non-cleft peers. Participants in this study listened
to consonant–vowel syllables along a synthetic continuum
from /t/ to /k/. The participants who were not born with
a cleft and the participants born with CP±L but with no
posterior articulation errors both demonstrated a clear pat-
tern of categorization of /t/ versus /k/ on either side of a
predetermined boundary, identifying an average of 90% of
stimuli on one side of the boundary as /k/ and an average
of 95% of stimuli on the other side of the boundary as /t/
(Whitehill et al. 2003). In contrast, the participants with
CP±L and posterior articulation errors identified 51–65%
of all stimuli as /k/ across the continuum, with no differ-
ence in response percentages for this group between the /t/
and /k/ sides of the boundary (p = 0.32) suggesting they
were performing at almost chance level (Whitehill et al.
2003). Lemos and Feniman (2010) also found that children
in their cleft group performed less well on their input pro-
cessing task than non-cleft controls, specifically in relation
to ‘decreased vigilance’ (p= 0.008). In this study, decreased
vigilance was calculated by identifying how many times
the participants identified theword ‘no’ in the first and last
presentations of a list of wordswhichwere presented to the
participants six times. The difference between the number
of ‘no’ stimuli identified on the first and last repetitions of
the word list defined the decreased vigilance score.
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Ona task discriminating betweenminimally contrasting
pairs of non-words, Finnegan (1974) found that the overall
mean number of errors on the task was higher in the cleft
group with evidence for an effect of group on performance
(p = < 0.01). Overall, both groups of children in this study
found voicing contrasts (e.g., /t/–/d/) easier to discrimi-
nate than place of articulation contrasts (e.g., /d/–/g/). In
the cleft group, errors discriminating between voiced and
voiceless bilabial plosives (/b/–/p/) accounted for a quarter
of the voiced–voiceless discrimination errors whereas the
non-cleft group made no errors with this contrast. When
looking acrossmanner classes of sounds, although the cleft
group performed less well in terms of percentage of items
missed, there was only evidence in relation to ability to dis-
criminate affricates (p < 0.05) and nasals (p < 0.01), with
the non-cleft group better at discriminating within these
manner class groups (Finnegan 1974).
Two studies investigated speech input processing in chil-
dren born with CP±L (and some children born with cleft
lip ± alveolus only) with a subset of their phonological
awareness tests meeting the speech input processing task
inclusion criteria of this review (Anderson et al. 2016, Col-
lett et al. 2010). These tasks were the ‘soundmatching’ sub-
test in Collett et al. (2010) and ‘rhyme awareness’ and ‘allit-
eration awareness’ subtests in Anderson et al. (2016).
In comparison with test norms, the mean scores for par-
ticipants in Anderson et al. (2016) on rhyme and alliter-
ation awareness were within normal limits. Similarly, in
Collett et al. (2010), the cleft group’s mean score on the
sound matching task was within the average range of test
norms. However, Anderson et al. (2016) also reported that
the mean score for rhyme awareness in the cleft group was
at the low end of the normal limits range of standard scores
on the test.
Cleft versus other comparison group
performance on speech input processing
tasks
InBaylis et al. (2008), the three participantswithCP/SMCP
all achieved the same score on the speech perception task
(98% correct). This was higher than themean for the VCFS
group (91% correct). It was also higher than the over-
all mean for the cleft/non-cleft VPD group (94% correct).
These findings were purely descriptive with no statistical
analysis of this specific comparison reported in the paper
although with only three participants in the cleft group,
arguably, statistical analysiswouldnot be appropriate. This
was the only data that was possible to extrapolate for the
three participants with CP±L in comparison with the par-
ticipants with VCFS and the children with non-cleft VPD.
Although this study only provides minimal information
for speech input processing skills with very small and het-
erogeneous study groups, a speech input processing task
meeting the inclusion criteria was completed. It was there-
fore possible to extrapolate a small amount of data to com-
pare the performance of participants with CP+/L to those
with other clinical diagnoses. As described in the previous
section, Whitehill et al. (2003) compared the performance
of two groups of childrenwith CP±L. One group presented
with posterior articulation errors and the other did not.
The results of this comparison are presented in the next
section.
Associations between speech input
processing and speech output
Only one of the included studies explored associations
between the speech input processing skills tested and
speech output (Whitehill et al. 2003).Whitehill et al. (2003)
found that children born with CP±L who presented with
posterior articulation errors, performed less well when
identifying anterior versus posterior place of articulation
on an acoustic continuum (using synthetic stimuli) than
both, children with CP±L and no posterior articulation
errors and a non-cleft control group. The participants in
this studywere aged 4 years 5months to 12 years 10months
(mean = 6 years 9 months). Whitehill et al. (2003) also
describe that participants in the group of children born
with CP±L who did not present with posterior articula-
tion placement did present with other speech production
errors.
Although some of the other included studies consid-
ered aspects of speech output, they did not examine rela-
tionships between speech input processing and speech
output specifically. An articulation test was conducted by
Finnegan (1974). It was only used to determine a vari-
able for velopharyngeal competence/incompetence and no
information for speech sound production was reported.
Therefore, there was no information as to the specific
nature of any SSD that children may have presented
with. Anderson et al. (2016) explored associations between
speech output and a total phonological awareness score
(combined: syllable segmentation, rhyme awareness, allit-
eration awareness, phoneme isolation, phoneme segmen-
tation) but not between the input processing only tasks
(rhyme and alliteration awareness) and speech output sep-
arately. Similarly, in Baylis et al. (2008), although associa-
tions between speech input processing and speech output
were explored between the two study groups, it was not
possible to extrapolate information regarding the partici-
pants with CP±L only.
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Associations between speech input
processing skills and other factors
Although mean group scores across subtests in Anderson
et al. (2016) were within the average range for the assess-
ment used, participants’ performance on the rhyme aware-
ness subtest was poorer than their performance on the
other subtests (p = 0.38). All the included studies consid-
ered hearing and/or middle ear function as part, either of
their inclusion/exclusion criteria, or as a covariate in their
study. Only Finnegan (1974) and Collett et al. (2010) con-
ducted quantitative analyses specifically exploring associ-
ations between the speech input processing task(s) and
aspects of hearing/middle ear problems. Finnegan (1974)
also considered velopharyngeal function as a covariate as
part of the analyses conducted in relation to middle ear
pathology.
Through exploratory, descriptive analysis, Finnegan
(1974) found that children with CP±L with no history of
middle ear pathology and no evidence of velopharyngeal
incompetence made fewer errors on the speech discrim-
ination task than children with CP±L with a history of
middle ear pathology and/or evidence of velopharyngeal
incompetence. Children with both a history of middle ear
pathology and evidence of velopharyngeal incompetence
made the most errors. At least 80% of the test items were
responded to correctly by the children judged as being
velopharyngeal competent and at least 68% by the children
judged as being velopharyngeal incompetent (Finnegan
1974). Statistical analysis was not undertaken to compare
means for these observations due to the small sample size.
In Collett et al. (2010), there was no evidence of a differ-
ence between the cleft and non-cleft groups on the sound
matching task when adjusting for age at assessment, grade
level, socioeconomic status and amount of shared oral
reading perweek (p= 0.909) orwith additional adjustment
for a history of suspected or confirmedhearing problems (p
= 0.848). Whitehill et al. (2003) reported, through descrip-
tive analysis, that intragroup variability could not easily be
explained by age, cleft type, previous speech therapy or par-
ent reported recurrent otitis media.
DISCUSSION
This review sought to collate and evaluate the existing,
peer-reviewed literature regarding speech input process-
ing skills in children born with CP±L. Six studies meeting
the inclusion criteria were retained, demonstrating that
this specific area has received relatively little attention
in the literature to date, particularly in comparison with
Hearnshaw et al.’s (2019) systematic review of speech
perception skills in children with non-cleft-related SSD,
which found 71 papers. Only two studies had the primary
aim of comparing speech input processing skills between
children born with and without CP±L (Finnegan 1974,
Whitehill et al. 2003). The remaining studies had different
primary research aims but it was possible to extract
information about speech input processing skills from
their results data.
Using the categories of speech perception assessment
presented by Hearnshaw et al. (2019), there was evidence
of differences in performance between children with and
without CP±L in: discrimination of minimal and repeated
contrast non-word pairs (Finnegan 1974), categorical per-
ception of a specific minimal pair (Whitehill et al. 2003)
and a sound indication task (Lemos and Feniman 2010).
No evidence was found for differences between groups
on phonological awareness tasks (rhyme and alliteration
awareness)meeting the inclusion criteria of a speech input
processing task for this review (Anderson et al. 2016, Col-
lett et al. 2010).
Whitehill et al. (2003) found there was only a difference
in performance on their speech input processing task, cat-
egorical perception of a /t/–/k/ consonant–vowel minimal
pair, between their non-cleft control group and children
with CP±Lwho also presentedwith posterior speech artic-
ulation errors. There was no difference in performance
between childrenwith CP±L, who had no posterior articu-
lation errors, and the control group (Whitehill et al. 2003).
Although only a single study, this suggests that difficul-
ties with some aspects of speech input processing in chil-
dren born with CP±L may be specific to the errors they
present with in their speech output, particularly given that
the groupwho did not presentwith posterior errors in their
speech output did present with other speech output errors.
In addition, although there are many factors that could
be associated with why CSCs develop and persist in chil-
dren born with cleft palate, the findings of Whitehill et al.
(2003) lends some preliminary support to the hypothesis
that weak speech processing skills may lead to the mainte-
nance of cleft-related SSD even once the anatomical differ-
ence is resolved.
It is notable that 12.5% of errors in the cleft group in
discriminating place of articulation were between alveo-
lar and velar consonants /t/ and /k/ in Finnegan (1974).
Given the findings in Whitehill et al. (2003), it would be
interesting to know whether the children who made these
discrimination errors also presented with posterior articu-
lation errors in their speech. This could have implications
for the incorporation of these skills into assessment and
intervention plans.
Locke (1980a) proposed that speech input processing
assessment should centre on the specific speech errors that
children produce and Hearnshaw et al. (2019) reported
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that children with non-cleft-related SSD had difficulties
with speech input processing of sounds they produced
in error in 86% of 30 relevant studies included in their
review. Therefore, this aspect of speech input processing
appears to warrant further investigation in children born
with CP±L.
Although no other study specifically examined rela-
tionships between speech input processing and speech
output in children with CP±L, the concept was con-
sidered by some. Indeed, Finnegan (1974) considered
relationships between speech input processing and
velopharyngeal function and Anderson et al. (2016)
examined the relationship between speech output and
a total phonological awareness score which included
some subtests requiring speech output. Alternatively,
the consideration was between groups which were too
heterogeneous to extrapolate information for the very
small number of participants with CP±L (Baylis et al.
2008), or theoretical, that is, the authors suggested that
it would be useful to explore relationships with speech
output in future studies (Collett et al. 2010).
Speech input processing tasks
The tasks in Finnegan (1974), Whitehill et al. (2003) and
Baylis et al. (2008) targeted similar skills but were admin-
istered in different ways. Both studies that used real word
stimuli (Baylis et al. 2008, Whitehill et al. 2003) used pic-
tures for the children to point to, to indicate the word they
thought they hadheard. In contrast, Finnegan’s (1974) non-
word task required the child listen to a target item and
then point to which of two speakers they thought they
subsequently heard the target word from. All three used
recorded auditory stimuli.
Finnegan’s (1974) task used a range of word ini-
tial and final minimal contrasts and repeated contrasts
in consonant–vowel–consonant, non-word single syllable
pairs with place, manner or voicing contrasts. Although
thiswas a non-word discrimination task, a fewof the sound
combinations used created real, potentially familiar, words
(e.g., /pæt/) and therefore for these combinations, the chil-
dren could have accessed a lexical route to help themmake
a judgement (Rees 2001), that is, using their knowledge of
a word they recognized, including linked sematic (mean-
ing) related information to inform their judgement which
would not be possible with a true non-word.
Baylis et al. (2008) used a task requiring discrimina-
tion between minimally contrasting pairs of single syl-
lables where stimuli were chosen to reflect common
speech errors seen in the study population. In contrast
to Finnegan (1974), these were real word minimal pairs.
Baylis et al.’s (2008) task also included consonant–vowel–
consonant, consonant–vowel and vowel–consonant words
whereas Finnegan’s (1974) task only used consonant–
vowel–consonant ‘word/syllable’ combinations. Although
the analysis of the nature of error types in Finnegan (1974)
is purely descriptive, it is of interest in terms of develop-
ing hypotheses as to the cause(s) of these differences and
for future study. In contrast, Whitehill et al. (2003) specifi-
cally targeted the ability to perceive a repeated single con-
trast between posterior versus anterior articulation place
of articulation on a synthesized acoustic continuum in real
word consonant–vowel productions.
Lemos and Feniman (2010) differed from the other stud-
ies in that the children were told to listen for the word ‘no’
in a series of single syllable words and make a non-verbal
response when they heard it. The words in the series were
maximally contrasting real words and not minimally con-
trasting aswas the case in the other three studies. Although
this task was primarily a test of auditory attention, it still
met the criteria of an input processing task as defined for
this review.
All three of the tasks used in the studies by Collett et al.
(2010) and Anderson et al. (2016) used picture stimuli that
the children were able to point to for their response. The
sound matching task used in Collett et al. (2010) required
the participants listen to a sound followed by a word that
started or finished with that sound. They were then pre-
sented with two to three words and asked to indicate
which of the words started or finished with the sound they
had heard initially. This task progresses to asking which
of three words start or finish with the same sound as a
given word. In contrast, the tasks in Anderson et al. (2016)
required the child to identify which word from a group of
four did not start/end with the same sound.
The detail of the procedures for the tasks in Anderson
et al. (2016) and Collett et al. (2010) were not described
specifically in the papers themselves, but established by
accessing the assessments separately as part of conduct-
ing this review. There is a possibility therefore that the
tasks were not administered as per the published assess-
ment administration procedure. However, we made the
decision to include studies for which we were able to
confirm the published test’s procedure in the absence of
any declaration of deviation from the procedure in the
paper.
The differences between the task stimuli and procedures
between these papers demonstrates the variety of speech
input processing skills that could be assessed and the
wide range of possible assessment procedures. It is impor-
tant to consider the specific skills that speech input pro-
cessing assessments tasks are actually testing, when com-
paring evidence regarding speech processing skills and
interpreting them clinically (Rees 2001, Stackhouse and
Wells 1997). Although tasks may correspond to a level of a
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theoretical profile or have similar names/aims, when anal-
ysed in detail, different tasks may be testing slightly differ-
ent skills (Stackhouse andWells 1997). Variability between
the assessment tasks used is an important consideration
including the level of difficulty of speech input process-
ing assessment tasks used in order to be confident that an
appropriate level has been tested for the level of speechpro-
duction required (Hearnshaw et al. 2019).
Cleft types
Within the cleft groups, there were small sample sizes and
considerable heterogeneity with most studies including a
range of cleft types in their ‘cleft’ groups. There is evidence
that there are differences in the aetiology of different cleft
types (Sharp et al. 2017) and that clinical outcomes also
vary according to cleft type (Choa et al. 2014). In addition,
diagnoses such as SMCP are likely to be made later than
those for overt clefts introducing potential confounders in
relation to other factors that may be important in relation
to speech development (e.g., timing of any surgical or hear-
ing intervention).
In studies of the size included in this review, sample
sizes are likely to be too small to conduct subgroup anal-
yses. Therefore, inclusion of a range of cleft types poten-
tially affects the ability to interpret or apply findings clini-
cally. In addition, inclusion of participants with cleft lip ±
alveolus only is also problematic because children with no
palatal involvement in their cleft are not at the same risk
of speech problems as children with clefts involving the
palate. Collett et al. (2010) suggested that not including a
measure of articulationwas a limitation of their study but if
they had done so, the issue of including children with cleft
lip only in their cleft group could have had implications
in relation to this issue unless different cleft types were
accounted for in analysis. Achieving an adequate sample
size to enable analyses by cleft subtypes is a challenge but
highlights the importance of large-scale research studies
and multi-centre collaboration to achieve this for the ben-
efit of robust and potentially generalizable research evi-
dence and subsequently patient care (Wren et al. 2018).
Speech output measures
There was also considerable variation in the measures
used, and subsequent variables produced, where studies
had undertaken assessment of speech output and explored
associations with aspects of input processing (see table 2
for details). Studies included in this review used single-
word naming tasks, with procedural and target variabil-
ity between studies depending on the research question
(Baylis et al. 2008, Whitehill et al. 2003) and conversa-
tional speech tasks (per cent consonants correct) with an
implicit priming task assessing phonological learning abil-
ity of primed and unprimedwords (per cent phonemes cor-
rect) (Baylis et al. 2008). Anderson et al. (2016) derived a
binary ‘speech difficulties’ or ‘no speech difficulties’ vari-
able using data from either a standardized (single-word)
speech assessment, a CSC specific clinical assessment
tool or a CSC audit tool, both of which involve sentence
repetition.
The heterogeneity of speech output measures used
across studies is a further challenge to being able to com-
pare findings. In addition to the variation described above
in relation to the nature of the speech sample assessed,
the speech output measure used will also influence exactly
what aspect of speech output is being explored in relation
to speech input processing. For example, per cent conso-
nants correct versus a standardized developmental speech
assessment versus a cleft specific speech assessment all
reflect different aspects of speech output. Per cent conso-
nants correct enables a comprehensive measure of conso-
nant production and can be used as a measure across diag-
nostic groups. However, if reported in isolation, it does not
differentiate between types of error (e.g., developmental,
atypical or, in the case of the clinical population of inter-
est in this review, CSCs). In contrast, a cleft specific tool
such as the Cleft Audit Protocol for Speech—Augmented
(CAPS-A) (John et al. 2006) enables identification and cat-
egorization of CSCs but does not provide a measure of
developmental, other atypical error patterns or give an
overall measure of a child’s consonant production. There-
fore, careful thought should be given at study design stage
regarding which aspect of speech output will be investi-
gated with a specific research question. Any interpretation
of findings also needs to consider this issue carefully.
Consideration of hearing and/or middle ear
function
As mentioned previously, all the studies had considered
hearing/middle ear function in their study design, which is
important given the integral role of hearing in speech and
speech processing (Stackhouse and Wells 1997). Whitehill
et al. (2003) referred to Finnegan (1974) when discussing
the potential impact of a history of middle ear problems on
speech input processing. In both studies, participants had
normal hearing at the time of the study, and both collected
retrospective information regarding the children’s middle
ear history from medical records or parent report. Collett
et al. (2010) also used parent reported hearing/middle ear
history data and Anderson et al. (2016) derived a variable
regarding middle ear function using tympanometry data.
Lemos and Feniman (2010) highlight the challenges of
using parent reported hearing/middle ear history data, as
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did Whitehill et al. (2003). Lemos and Feniman (2010) did
not look at associations between hearing and performance
on their input processing task but did suggest that differ-
ences in performance between children with and without
clefts on the input processing task may be associated with
a history of middle ear problems in the cleft group.
The variation between the hearing/middle-ear func-
tion variables used in such studies makes comparing
hearing/middle ear function related findings difficult. It is
important to consider the nature of the variables used and
not to overgeneralize any interpretation. Hearing/middle
ear function variables may vary in relation to age, devel-
opmental stage, frequency, type or degree of problem with
or intervention for hearing/middle ear function potentially
altering the impact of the hearing/middle ear function
variable on the outcome variable (Hall et al. 2017, Whit-
ton and Polley 2011). Establishing and agreeing consistent,
robust, meaningful and comparable hearing and/or mid-
dle ear function variables for speech and speech processing
relating studies is a considerable challenge but important
and would benefit from further work.
Clinical implications
This review highlights the variability in the limited cur-
rent literature exploring speech input processing in chil-
dren born with CP±L and its relationship with cleft spe-
cific SSD. This limited evidence indicates that there may
be differences in some speech input processing skills (e.g.,
discrimination ofminimal and repeated contrast non-word
pairs, categorical perception of a specific minimal pair and
sound indication task) between children born with and
without CP+/L. There was also some evidence that chil-
dren born with CP±Lmay only have speech input process-
ing difficulties in comparison with their non-cleft peers
and other children born with CP±L, for specific sounds
with which they make errors in their speech output.
Clinicians should consider the possibility that a child
born with CP+/L may have problems with speech input
processing related to their cleft-related SSD. Speech and
Language Therapy assessment of children born with
CP+/L should include elements of speech input process-
ing in order to gain a thorough understanding of the nature
of their SSD and include speech input processing in their
intervention planning if children present with difficulties.
It is important to give careful consideration to the pre-
cise speech input processing skills being assessed and the
requirements of the assessment task(s) being used in order
to rule in or out specific speech input processing skills as
a factor in a child’s SSD. Hearnshaw et al. (2019) stated
that reliable methods for assessing speech input process-
ing in children with SSD are not yet available. The same
challenge applies to children with cleft-related SSD, par-
ticularly in relation to tasks which assess children’s speech
input processing of sounds they produce in error. CSCs are
not all easily reproducible by an adult to accurately mimic
a child’s output errors for use in a speech input processing
task. Until appropriate and reliable assessment tools are
developed, clinicians should assess children’s input pro-
cessing of the CSCs they produce with the tools currently
available to them,mindful of potential differences between
the child’s specific production errors and an adult repro-
duction of these errors when interpreting findings.
Identification of any speech input processing difficulties
in children born with CP±L should also prompt consid-
eration of potential difficulties with related areas such as
language and literacy (Rvachew 2006), particularly given
the emerging evidence that children born with clefts have
poorer education outcomes than children not born with a
cleft (Wehby et al. 2015, Grewal et al. 2020).
Limitations
This review only included studies published in peer-
reviewed journals introducing some risk of publication
bias and the possibility that additional relevant studies in
the grey literature (e.g., PhD theses) may not have been
included. The implications and recommendations based
on the findings of this review should be considered in
the context of the very limited evidence available regard-
ing speech input processing skills in children born with
CP+/L. The heterogeneity within cleft groups of the stud-
ies included should be taken into account in this regard,
given the evidence that different cleft subtypes have dif-
ferent aetiologies (Sharp et al. 2017). This impacts on the
ability tomake clinical interpretations. Thismay have been
minimized if we had only included studies where partici-
pants in the cleft group had a diagnosis of CP±L, exclud-
ing studies that included participants with cleft lip ± alve-
olus. However, this would have resulted in fewer than
six included papers and would not have highlighted some
of the methodological considerations for future work. In
addition, the relatively broad definition of a speech input
processing task used means that assessment tasks used in
included studies were not comparable. However, as so few
studies have explored any aspect of speech input process-
ing in children born with CP±L, this review serves as a
baseline from which future research can build.
CONCLUSIONS
The current research evidence about the speech input
processing skills of children born with CP±L and any
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associations with speech output is limited. There is there-
fore a need for further work to develop our understand-
ing of these skills in this population and any relation-
ships between them and thewell-documented cleft-related
speech output problems. This is important in order to pro-
vide the best evidence base possible for clinicians.
Methodological considerations highlighted in this
review are important in relation to future work. In
particular, the nature and diagnosis(es) included in the
study group, the nature of the speech input processing
and speech output assessment tasks used in relation to
the research question and how they are described in the
methodology to ensure readers are able to effectively
interpret findings. It is also important to give adequate
consideration to potential confounding factors in study
design and analysis.
Further work to understand relationships between
speech input processing, speech output and literacy devel-
opment in children born with CP±L is indicated. In
addition, examination of differences in the relationship
between aspects of speech input processing and speech
output in children with and without CP+/L presenting
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